INTRODUCTION
Since the early suggestion of Dessler and Parker (1959) that the charge exchange mechanism could be significant in the ring current decay process, this mechanism has varied between being in favor and out of favor in explainin g ring current particle decay after magnetic storms.
The long term decay times of several days for the measured fluxes were consistent 4ith the available charge exchange lifetimes and, therefore, supported the charge exchange position (Frank, 1967; Swisher and Frank, 1968) . These favorable comparisons were based on the early computational work by Liemohn (1961) , who specified both the mean lifetime, c e , for protons confined to the equatorial plane and the charge exchange lifetime, lm, for protons mirroring off the geomagnetic equator. More recently, other theoretical and observational aspects, such as the emergence of wave-particle theory (Cornwall et al., 1970) and the discrepancy pointed out by Lyons --and -Evans (1976) between the observed proton pitch angle distributions and those predicted by charge exchange decay weakened the charge exchange position. It also became apparent that the overall measured decay lifetimes no longer agreed well with the more recently computed values ( Profs, 1973; Tin sley, 1976) . Smith e t al. (1976) were among the first to use charge exchange lifetime values modified from those given by L iemohn (1961) for comparison to their satellite measurements. They employed both the neutral hydrogen density, n, of P rolss (1973) and the proton charge exchange cross section, o, of McClure (1966) . L, Yons and Evans (1976) used the equatorial charge exchange lifetimes given by Tinsley (1976) , whose values were also a modification due V . a better determination of the neutral hydrogen density and charge exchange cross sections. Additional oro g ress was made by J...ith and Bewtra (1976) and independently by Cowl ey (1977) in recomputing the relationship between the lifetimes of equatorially mirroring particles and those particles mirroring off the geomagnetic equator. Their results showed that the otf-90° pitch angle ion fluxes would not charge exchange decay as rapidly as was previously thought. In the review of the recent work associated with the determination of the charge exchange lifetimes for various ions in the magnetosphere, Smit h and Bewtra (1977) provide the updated and corrected lifetime values especially through the ring current region. While this area of space research has been experiencing some recent controversy over the various mechanisms, there is no question but that our understanding of the ring current source and loss mechanisms is progressing in a significant manner.
In this paper we examine the consequences of making the assumption that, besides protons, ions such as helium and oxygen can repr,isent a major fraction of the storm-time ring current particle flux. All of the improvements and r.ew measurements in determining the charge exchange lifetimes ( Smith and Bewtra, 1977) are used. The charge exchange decay mechanism then is used to infer the ion com p osition in the ring current during the recovery phase of geomagnetic storms.
Backg;•ound
Until the recent work by Lyons and Evans (1976) and Tinsley (1916) , in which they suggest He + as a significant ion, ring current studies have assumed or stated that hydrogen was the dominant ion composing the ring current (Berko et al., 1975 ; and others before that). However, 0 + ions have been shown to be the dominant ion species under geomagnetic stormtime conditions at low altitudes (Shelley et al., 1972; Sharp pt al., 197ba,b) . Shelley et al.(1976) report new observations of 0 + and H + fluxes streaming up the field lines from the ionosphere and Johnson et al.(1977) report observations of H + , He + and 0 + in the ring current L-values at altitudes of 5000-7000 km. Indirect evidence of 0 + at higher altitudes has been offered by McIlwain (1976) from observations at synchronous orbit on ATS-6 and by Frank et al. (1977) from IMP-7 at much larger altitudes near the geomagnetic tail.
In this paper we present the analysis of data from the Expiorer 45 (S 3_ A) electrostatic analyzer. This analyzer system measured the total ion flux in the energy per unit charge range of 1 to 30 keV. used measurements from this same instrument in a previous analysis.
Assuming that the instrurient was responding primarily to protons, the observed flux decay rates during the February 24, 1972, magnetic storm recovery generally agreed with the predicted charge exchange decay rates availdble at that time. There were, however, several difficulties.
First, the observed decay rates, while in g ood agreement with those predicted by Liemohn (1961) , were longer than the newer predicted proton decay rates given by Pr8lss (1973) . Second, the ordering of the data at 3 L = 3.5 was riot as good as it was at the higher L-values of 4.25 and 5.0.
Third, the off-90° pitch angle particles did not decay as rapidly as proton charge exchange would have predicted (Liemohn, 1961) .
Based on the work by Smith and Bewtra (1976) regarding the predicted pitch angle dependence for the charge exchange decay mechanism and on the revised charge exchange lifetime values reviewed by Smith and Bewtra (1977) , the Explorer 45 measurements have been re-analyzed. The following rew procedures were employed:
1. Only those particles having the same equatorial pitch angle were considered within a given data subset. Even with a near geographic equatorial orbit (3° inclination), the Explorer 45 satel l ite does vary in magnetic latitude from orbit to orl,it due to the 11° offset of the earth's magnetic field axis (see Figure 7 , .
This meant that for those off-geomagnetic-equator orbits, fluxes measured at 90 0 local pitch angle did not mirror at a m = 0°. In order to have a measurement every orbit (7.8 hrs.) at the same L-value and local time, A m = 14° was the smallest mirror latitude which could be used. A dipole geomagnetic field is assumed for all the calculations in this paper.
2. For the normal sampling rate of the electrostatic analyzer and the satellite spin period, two consecutive readouts corresponded roughly to pitch angles about 12° apart. These two readouts were linearly interpolated to obtain the particle flux at the required pitch angle. Further, to reduce the statistical uncertainties, this process was repeated for the next such set of readouts for the same energy (usually a minute later) and the two calculated fluxes were averaged to obtain the flux at the specified L-value. 4
3. The neutral hydrogen density was determined individually for each of the geomagnetic storms considered. The geophysical conditions (solar activity, magnetic activity, season, etc.) for the specific time periods were used in this process. Smith and Bewtra (1977) provide the detailed description of this procedure.
4. It was assumed that more than one ion species could be present in measurable quantities in the ring current region after these geomagnetic storms. The measured flux decay data were fitted with a double or triple exponential decay function of the form:
where the a i 's are the fitted variables representing the relative quantities of each of the ion species, t is the time after the decay process begins, and the T i 's are the fitted variables representing the decay lifetime for each of the assumed ion species. In the functional fitting process the n i 's and i i 's were all free variables with no assumption made as to which specific ions were involved.
5. The entire ring current recovery period was considered from the maximum of the viain phase to the time at which either the AE index or Dst was again enhanced by a disturbance. This will be discussed later in mire detail. The measured ion fluxes at an energy of 9.2 keV and an L-value of 4.25 outbound are shown in Figure 3 for the three storms for five or six day periods, which include the storm commencements, main phase maxima anJ the long recovery phases. Only those particles which mirrored at the same geomagnetic latitude of a m = 14° were selected. The equatorial pitch angle corresponding to this mirror latitude is about 61.3°.
In the February and May storms the particle fluxes at this energy increased nearly an order of magnitude after the sudden commencement and 6 did so within the 8 hours between one orbit and the next. Within this resolution the maximum observed flux was reached nearly simultaneously with the maximum or the main phase of the storm. The particle flux then decayed monotonically over the next several days until new magnetic activity occurred, at which time the particle flux again increased. In the December storm a similar pattern occurred with the exception of the initial period after the main phase maximum. The extended period of "storm-related activity" (shown in Figure 3 ) was a result of large substorms occurring in conjunction with the principal main phase storm on December 17. This i substorm activity can be identified from the AE index in Figure 1 . It is The following sequence of events is e0 dent for these storms: 1) A period of principal storm-related activity occurred on a variable time scale depending on the specific geomagnetic storm, during which the ring current particle flux increased significantly and during which subsequent substorm injections may have kept the observed flux levels from decreasing in an unimpeded way; 2) next a decay period occurred during which new particle injections appeared to be negligible; 3) finally, new particle injections terminated the relatively quiet decay period. In the following, we shall be considering primarily the "decay period" as indicated in observations. These inputs are given in Table 1 (items 1-8) for the three magnetic storm periods. The detailed definitions of the density and tcimperature at the exobase, N and T c , respectively, and the satellite critical altitude, R sc , are reviewed also by Smit h and Bewt ra (1977) . Under the stated conditions in Table 1 (items 1-9) the neutral hydrogen densities n, were computed for the three corms and are given in item 10.
For the ions ► ++, 0% He + and He ++ Figure 4 shows the normalized flux decay expected to be observed assuming only charge exchange decay and using the February,1972,magnetic storm corditions. Ion energies of 6.0, 9.2, 13.5 and 25.6 keV, and L-values of 3.5, 4.25 and 5.0 are considered for the ions which are assumed to be mirroring at X = 14 0 . In this paper we use the mass 4 isotope of the helium ions. For the singly charged ions, as can be seen from Figure 4 , the r e are significant and potentially observable differences in the expected fluxes after 2-3 days of decay. In the electrostatic analyzer doubly charged ions, such as He", will be detected and recorded at energies which are half their actuel energies. Therefore, to display the appropriate He ++ separation the cnarge exchange lifetimes used are for energies twice those shown. As can be seen in Figure 4 the He++ lifetimes are not different enough from H + at all of these energies to always permit a separation of these two ions. yzed. This inference technique was applied to the data at energies above and below the 9.2 keV channel described above as well as for L-values above and belr q the L = 4.25 case also described above.
Energy and L-Value Dependence
The electrostatic analyzer on Explorer 45 has an energy range of 0.7 to 30.2 keV. For convenience and to avoid consideration of coulomb scattering effects which became more important below 1 to 2 keV we have considered four energy detector channels in the higher end of this energy range. The energy band width and center energy of these channels are given in Table 2 . 6.0, 9.2, 13.5 and 25.6 keV for the r ebruary, 1972, geomagnetic storm.
The data at 9.2 keV are identical to that shown in Figure 3 . The same fitting procedure as for the 9. The situation at L = 3.5 is somewhat different. The measured fluxes in the four energy bands at this L-value are shown in Figure 6 . As in all cases before, the data for each energy were fitted to a double exponential decay function. However, contrary to the previous cases, the chi-square of the fits were not nearly as good as before. For the 6.0 keV and 9.2 keV cases it was found that better fits, based on chi-squared, The manner in which the above double exponential decay curves for 6.0 and 9.2 kc , V deviated from the measured fluxes lead us to considerusing a triple exponential decay function of th o form f= a e -(t/i r' x e -(t/ ', ) e-(t/'3)
This implies that there could be three ions present in measurable quantities (it ,, 4 ^ 0) with the p i 's sufficiently different from each other that the fitting procedure is sensitive to the difference. Amazingly, for 25.6 keV the fitted value of T , 2.14 x 10 5 sec, is very close to the 
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OXYGEN AND HELIUM IONS IN RING COP2ENT
The results of our analyses of the February 24, 1972, geomagnetic storm clearly infer that not only are oxygen ions abundant in the stormtime ring current, but helium ions are also "observable". The helium ions in the energy range we are considering are most obvious at the lower altitude. We saw this for the ions at L = 3.5, the lowest L-value we considered as well as for the ions which were mirroring quite well • an energy of 9.2 keV. We attempted to fit the December 17, 1971 storm at the same L-value and energy, but the "decay period" was too short to get a meaningful fit with the third ion. A minimum of three days is needed to get He + fits under these conditions. The fitted T i 's and rn i 's were used to determine the solid curves through the data in Figure 3 and are given in Table 3 for the three storms. The lifetimes are also given for H + , 0 + and He + at this energy and for the appropriate geophysical conditions given in Table 1 .
In ((x 2 ). This would have occurred during the "storm-related activity" period in Figure 3 . The values of a 3 corresponding to He + ions, are quite small at t = 0 compared to a and a .
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The data at L 5 are presented in Figure 8 for completeness of the data set for the February storm and the data are in the same format and Additionally, the possibility that He ++ could also be present in the ring current is evident in our summary results. While the nature of this identification is not nearly as strong as our inference of 0 + and He presents a distinct Possibility.
These results make one realize that infrequent measurements through the ring current, with say an ion mass spectrometer, will not sufficiently identify the ion composition since the mixture of ions is constantly changing due to their decay properties and due to the repeated injection of fresh particles into this region. It would, however, give a definitive "snapshot" of the ion composition which could be analyzed in terms of the scenerio we have presented in this paper.
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SUMMARY
The analysis of data from the Explorer 45 (S 3 -A) electrostatic analyzer in the energy range 5 to 30 keV has provided some new results on the ring current ion composition. By analyzing the measured decay rates of the ions after geomaynetic storms and assuming two or more ions were present and that the decays were exponential in nature we were able to establish three separate lifetimes for the ions. By using the recently revised charge exchange decay lifetimes ( Smith a nd Bewt ra, 1977) and the dependence of these lifetimes on the mirror latitudes of these particles we determined for three geomagnetic storms the expected charge exchange lifetimes for H * , 0 + and He + in the energy and L-value range of the data.
:n this paper we showed the close agreement of the ;fitted decay lifetimes from the measurements to the charge exchange decay lifetimes to these three ions and inferred that H + , 0 + and He + existed in the storm-time ring currents we considered. We also found indication that He ++ may also be present. The agreement is consistent in enerqy (5 to 30 keV), L-value (3.5 to 5.0), at least two widely spaced mirror latitudes (X,, 14° and 35") and for thrc geomagnetic storms. We have thus developed an inference technique to measure the ion composition in the ring current using an electrostatic analyzer.
F I GURE CAPTIONS Figure 1 . Ost (y) and the AF Index (y) for six day periods covering three geomagnetic storms: December 17, 1971 , February 24, 1972 , and May 15, 1972 . . The fluxes were of ions mirroring at the geomagnetic latitude of 14°. The solid curves, described in detail in the text, were determined by assuming that the data represents a mixture of particle flux of two ions. Figure 6 . Same as Figure 5 except now for L = 3.5. The solid curves, described in detail in the text, were determined for 6.0 and 9.2 keV by as^,umiriy that the data represents a mixture of particle flux of t-io ions. The curves through the 13.5 and 25.6 keV data are determined by assuming a mixture of three ions. 
